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SEMICONDUCTOR DEVICE, COOLING
MODULE, POWER CONVERTING DEVICE,
AND ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority under 35 USC
119 based on Japanese Patent Application No. 2018-103969

filed on May 30, 2018, the entire contents of which are
incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device,
a cooling module for cooling a semiconductor clement
included 1n the semiconductor device, a power converting
device including the semiconductor device, and an electric
vehicle including the power converting device.

2. Description of the Related Art

Power semiconductor devices are used i motor-drive
controlling 1nverters for elevators, for example, as industrial
purposes. Power semiconductor devices have been widely
used also 1n motor-drive controlling inverters for vehicles or
DC-DC converters, for example. The power semiconductor
devices are required to have a reduced size, high output
power, and long-term reliability.

Such a power semiconductor device includes a power
semiconductor module, and a cooling device for releasing
heat from the power semiconductor module. The power
semiconductor module 1s a semiconductor device including
one or more semiconductor elements to implement partial or
entire connection for conversion. The respective semicon-
ductor elements included 1n the power semiconductor mod-
ule are electrically connected to a control circuit outside the
module via main terminals and control terminals. The power
semiconductor device preferably has an electrically-insulat-
ing structure, excluding the main terminals and the control
terminals, to avoid a short circuit.

The power semiconductor device 1s essentially required to
release heat from the semiconductor elements more efli-
ciently, as the power semiconductor device has a smaller
s1ze and higher output power. JP 2002-026469A discloses a
circuit board including a ceramic substrate with which a
coolant 1s 1n contact on the rear side, and a circuit pattern
arranged on the front side of the ceramic substrate. JP
2008-103623 A discloses a semiconductor device including a
pair of lead frames 1nterposing a semiconductor element, a
resin for sealing the semiconductor element and the lead
frames with the respective outer surfaces of the lead frames
exposed, and ceramic tubes bonded to the respective outer
surfaces of the lead frames.

JP 2002-026469A does not disclose a configuration
regarding the main terminals and the control terminals
connecting the semiconductor elements to the control circuit
outside the module. While JP 2008-103623 A discloses that
signal terminals are connected to the semiconductor element
via a wire bonding and are exposed to the outside between
the ceramic tubes opposed to each other, such a configura-
tion reduces the possibility of design of the wire-leading
position, which prevents a reduction in si1ze and complicates
the wiring design.
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2
SUMMARY OF THE INVENTION

In response to the above 1ssue, the present invention
provides a semiconductor device reduced in size and having
a configuration capable of expanding the possibility of
design of a wire-leading position and facilitating a wiring
design, a cooling module for cooling semiconductor ele-
ments mcluded 1n the semiconductor device, a power con-
verting device including the semiconductor device, and an
clectric vehicle including the power converting device.

An aspect of the present invention discloses a semicon-
ductor device encompassing: a first cooling device including
a plurality of first tlow channels through which a fluid flows,
between a first main surface and a second main surface
opposed to each other; a second cooling device including a
plurality of second flow channels through which a fluid
flows, between a third main surface and a fourth main
surface parallel to the first main surface; a semiconductor
clement interposed between the first main surface and the
third main surface facing each other; and a control terminal
penetrating from the third main surface to the fourth main
surface 1n a terminal-penetrating region defined at a prede-
termined position between the plurality of second flow
channels, and electrically connected to a control electrode of
the semiconductor element.

Another aspect of the present invention discloses a cool-
ing module encompassing: a first cooling device including a
plurality of first flow channels through which a flmd flows,
between a first main surface and a second main surface
opposed to each other; and a second cooling device includ-
ing a plurality of second tlow channels through which a fluid
flows, between a third main surface and a fourth main
surface parallel to the first main surface, wherein a terminal-
penetrating region 1s defined 1n the second cooling device
through which a control terminal, which 1s electrically
connected to a control electrode of a semiconductor element
interposed between the first main surface and the third main
surface facing each other, penetrates from the third main
surface to the fourth main surface at a predetermined posi-
tion between the plurality of second flow channels.

Still another aspect of the present invention discloses a
power converting device encompassing: a {first cooling
device including a plurality of first flow channels through
which a fluud flows, between a first main surface and a
second main surface opposed to each other; a second cooling
device including a plurality of second tlow channels through
which a fluid flows, between a third main surface and a
fourth main surface parallel to the first main surface; a
semiconductor element interposed between the first main
surface and the third main surface facing each other; a
control terminal penetrating from the third main surface to
the fourth main surface in a terminal-penetrating region
defined at a predetermined position between the plurality of
second tlow channels, and electrically connected to a control
electrode of the semiconductor element; a control substrate
on which a circuit electrically connected to the control
terminal 1s mounted; and a capacitor arranged toward the
second main surface of the first cooling device.

Still another aspect of the present invention discloses an
clectric vehicle encompassing: a first cooling device includ-
ing a plurality of first flow channels through which a fluid
flows, between a first main surface and a second main
surface opposed to each other; a second cooling device
including a plurality of second flow channels through which
a fluid flows, between a third main surface and a fourth main
surface parallel to the first main surface; a semiconductor
clement interposed between the first main surface and the
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third main surface facing each other; a control terminal
penetrating from the third main surface to the fourth main

surface 1n a terminal-penetrating region defined at a prede-
termined position between the plurality of second flow
channels, and electrically connected to a control electrode of
the semiconductor element; a control substrate on which a
circuit electrically connected to the control terminal 1is
mounted; a capacitor arranged toward the second main
surface of the first cooling device; a power source for
supplying electricity to the semiconductor element; and a
load driven by the semiconductor element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating a fundamental
configuration of a semiconductor device according to an
embodiment of the present invention;

FIG. 2 1s a cross-sectional view as viewed from direction
A-A 1 FIG. 1;

FIG. 3A 1s a partly-enlarged cross-sectional view of FIG.
2 as an example;

FIG. 3B 1s a partly-enlarged cross-sectional view of FIG.
2 as another example;

FI1G. 4 1s a cross-sectional view as viewed from direction
B-B 1n FIG. 1;

FIG. § 1s a perspective view omitting cooling devices and
a sealing member 1illustrated 1n FIG. 1;

FIG. 6 1s a vertically-inverted perspective view corre-
sponding to FIG. §;

FI1G. 7 1s a schematic view illustrating a configuration of
an electric vehicle employing the semiconductor device
according to the embodiment of the present invention;

FIG. 8 1s a cross-sectional view of a semiconductor device
according to a comparative example;

FIG. 9 1s an explanatory view illustrating a process of
fabricating the semiconductor device according to the
embodiment of the present invention;

FIG. 10 1s an explanatory view illustrating the process of
tabricating the semiconductor device according to the
embodiment of the present invention;

FIG. 11 1s an explanatory view illustrating the process of
fabricating the semiconductor device according to the
embodiment of the present invention;

FIG. 12 1s a top view 1illustrating a semiconductor device
according to a first modified example of the embodiment of
the present invention;

FIG. 13 is a cross-sectional view illustrating a semicon-
ductor device according to a second modified example of the
embodiment of the present invention;

FIG. 14 1s a cross-sectional view illustrating a semicon-
ductor device according to a third modified example of the
embodiment of the present ivention;

FIG. 15 1s a cross-sectional view illustrating a semicon-
ductor device according to a fourth modified example of the
embodiment of the present invention;

FIG. 16 1s a cross-sectional view illustrating a semicon-
ductor device according to a fifth modified example of the
embodiment of the present invention;

FI1G. 17 1s a perspective view 1llustrating a semiconductor
device according to a sixth modified example of the embodi-
ment of the present invention;

FIG. 18 1s a perspective view omitting cooling devices
and a sealing member 1llustrated 1n FIG. 17;

FIG. 19 1s a cross-sectional view as viewed from direction
A-A 1n FIG. 18;

FI1G. 20 1s a cross-sectional view as viewed from direction
B-B 1n FIG. 18;
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4

FIG. 21 1s a perspective view illustrating a semiconductor
device according to a seventh modified example of the

embodiment of the present invention;

FIG. 22 1s a cross-sectional view of the semiconductor
device according to the seventh modified example of the
embodiment of the present invention;

FIG. 23 1s a perspective view illustrating a semiconductor
device according to an eighth modified example of the
embodiment of the present invention;

FIG. 24 1s a vertically-inverted perspective view corre-
sponding to FIG. 23;

FIG. 25 1s a cross-sectional view 1illustrating the semi-
conductor device according to the eighth modified example
of the embodiment of the present invention; and

FIG. 26 1s a circuit diagram illustrating the semiconductor

device according to the embodiment of the present mnven-
tion.

DETAILED DESCRIPTION

With reference to the drawings, embodiments of the
present invention will be explained 1n detail below. In the
following description of the drawings, the same or similar
reference numerals are assigned to the same or similar
portions. The drawings are schematic, and it should be noted
that the relationship between thickness and planar dimen-
s1ons, the thickness proportion of each layer, and the like are
different from real ones. Accordingly, specific thicknesses or
dimensions should be determined with reference to the
following description. Moreover, 1n some drawings, por-
tions are 1llustrated with different dimensional relationships
and proportions.

Further, definitions of directions such as an up-and down
direction 1n the following description are merely definitions
for convenience of understanding, and are not intended to
limit the technical i1deas of the present invention. For
example, as a matter of course, when the subject 1s observed
while being rotated by 90°, the subject 1s understood by
converting the up-and-down direction into the right-and-lett
direction. When the subject 1s observed while being rotated
by 180°, the subject 1s understood by inverting the up-and-
down direction.

(Semiconductor Device)

A semiconductor device (a semiconductor module) 1
according to an embodiment of the present invention
includes a first cooling device 10a provided with a plurality
of first flow channels 13a, and a second cooling device 105
provided with a plurality of second flow channels 136 and
arranged on the top surface side of the first cooling device
10q, as illustrated in FIG. 1. FIG. 1 1llustrates the respective
first flow channels 13a and second flow channels 135
extending 1n parallel to each other and aligned 1n a direction
perpendicular to the extending direction. Each of the first
flow channels 13a and the second flow channels 136 has
open ends on both sides in the extending direction.

According to the embodiment of the present invention, as
illustrated 1n FIG. 1, a longitudinal direction of the first flow
channels 13a and the second flow channels 135 1s defined as
an X-axis direction (a first direction), a direction perpen-
dicular to the X-axis direction, in which the respective first
flow channels 13a and second flow channels 135 are aligned,
1s defined as a Y-direction (a second direction), and a
direction perpendicular to the X-axis direction and the
Y-axis direction 1s defined as a Z-axis direction. FIG. 1 and
the other drawings use a right-handed XYZ coordinate
system for illustration purposes. As used 1n the Specifica-
tion, the term “planar view” refers to a case 1n which the top
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surface of the second cooling device 105 1s viewed 1n the
positive direction of the Z axis.

The circumierence of the first cooling device 10a and the
second cooling device 105 1s substantially entirely covered
with a sealing member 30, excluding the regions around the
open ends. FIG. 1 illustrates a case 1in which a plurality of
(ten) control terminals 37a, 57b, 37c, §7d, 57¢, 58a, 38D,
58¢, 58d, and 58e¢ project from the sealing member 30
located on the top surface side of the second cooling device
1056. The control terminals 37a to 57¢ and 58a to 58¢ extend
in the Z-axis direction, which 1s a longitudinal direction. The
five control terminals 57a to 57¢ and the five control
terminals 58a to 58¢ are separated from each other in the
Y-axis direction, and are aligned in the X-axis direction.

The control terminals 57a to 57¢ and 58a to 58¢ may be
cylindrical conductive pins, for example. The control termi-
nals 57a to 57¢ and 58a to 58e¢ are not limited to the
cylindrical shape, and may each be a polygonal prism. The
control terminals 57a to 57¢ and 38a to 58e¢ are made of
metal such as copper (Cu) or a Cu alloy. The control
terminals 57a to 57¢ and 58a to 38¢ may be plated with
metal or an alloy of nickel (N1), tin (Sn), or gold (Au), for
example.

The first cooling device 10a and the second cooling
device 100 are made of an insulating material such as
ceramics. An example of ceramics used as the insulating
material may be a matenial having high heat conductivity,
such as silicon carbide (S1C), silicon nitride (S1;N,), alumi-
num nitride (AIN), alumina (Al,O,), titama (T110,), or
zirconia (ZrO,). The first cooling device 10a and the second
cooling device 105 may be made of the same matenal or
different matenials.

FIG. 2 1s a cross-sectional view as viewed from direction
A-A 1n FIG. 1. As 1llustrated in FIG. 2, the first cooling
device 10q has a first main surface (a top surface) 11a and
a second main surface (a bottom surface) 12a opposed to
cach other. The first cooling device 10a may have a rectan-
gular plate-like shape. The first cooling device 10a includes
the plurality of first flow channels 13a through which a fluid
serving as a coolant flows, between the first main surface
11a and the second main surface 12q. The fluid flowing
through the respective first flow channels 13a may be liquid
such as ethylene glycol aqueous solution or water, or gas
such as air. Another example of the fluid flowing through the
respective first flow channels 13a may be a phase-change-
able coolant such as chlorofluorocarbon. The first cooling
device 10a has two side surfaces 14a opposed to each other
at both ends in the aligned direction of the first flow channels
13a (1in the Y-axis direction). The plural first flow channels
13a are aligned in the direction parallel to the first main
surface 11a. The size, the number, and the intervals of the
first flow channels 13a may be determined as appropriate.
For example, the respective first flow channels 13a have the
common shape and are arranged at regular intervals.

The second cooling device 105 has a third main surface (a
bottom surface) 115 and a fourth main surface (a top surtace)
1256 parallel to the first main surface and opposed to each
other. The first main surface 11a of the first cooling device
10a and the third main surface 115 of the second cooling
device 106 face each other. The second cooling device 1056
may have a rectangular plate-like shape. The second cooling,
device 106 includes the plurality of second flow channels
136 through which a fluid serving as a coolant flows,
between the third main surface 115 and the fourth main
surface 12b. The coolant flowing through the respective
second tlow channels 1356 may be the same as that tlowing
through the respective first flow channels 13a. The second
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cooling device 105 has two side surfaces 145 opposed to
cach other at both ends 1n the aligned direction of the second
flow channels 135 (in the Y-axis direction). The plural
second flow channels 135 are aligned 1n line in the direction
parallel to the aligned direction of the first flow channels
13a.

The first main surface 11a of the first cooling device 10a
and the third main surface 115 of the second cooling device
105 1n the semiconductor device 1 may be parallel to each
other. A first semiconductor element 20 and a second semi-
conductor element 70 (refer to FIG. 4) are arranged to be
interposed between the first main surface 11a of the first
cooling device 10q and the third main surface 1156 of the
second cooling device 1056. The first semiconductor element
20 has two main surfaces opposed to each other. One of the
main surfaces of the first semiconductor element 20 1s
provided with a first main electrode 20E and a control
clectrode 20G, and the other main surface 1s provided with
a second main electrode 20C. The second semiconductor
clement 70 has two main surfaces opposed to each other.
One of the main surfaces of the second semiconductor
clement 70 1s provided with a first main electrode 70E and
a control electrode 70G, and the other main surface i1s
provided with a second main electrode 70C.

The size, the number, and the intervals s1 of the respective
second tlow channels 135 may be determined as appropriate,
and may be the same as or different from the size, the
number, and the intervals of the respective first flow chan-
nels 13a. The respective second tflow channels 135 have the
common shape and are arranged substantially at regular
intervals s1, at least at the portions in which the second tlow
channels 1356 are provided.

The semiconductor device 1 according to the embodiment
of the present invention includes regions i which the
second flow channels 135 are intentionally not provided 1n
the second cooling device 105, at predetermined positions
between the third main surface 1156 and the fourth main
surface 12b. The semiconductor device 1 according to the
embodiment of the present invention employs the regions, as
“terminal-penetrating regions 15a and 155”, 1n which the
second flow channels 135 are not provided intentionally. The
terminal-penetrating regions 15a and 156 extend in the
X-axis direction parallel to the respective second flow
channels 13b.

The terminal-penetrating region 135a 1s provided with a
penetration hole 16¢ through which the control terminal 57¢
penetrates. The terminal-penetrating region 13a 1s further
provided with penetration holes (not illustrated) through
which the other control terminals 57a, 575, 57d, and 57e
illustrated 1n FIG. 1 penetrate. The terminal-penetrating
region 15b 1s provided with penetration holes (not illus-
trated) through which the control terminals 58a to 58e
illustrated 1n FIG. 1 penetrate. The width w1 of the terminal-
penetrating region 15a and the width w2 of the terminal-
penetrating region 1556 defined 1n FIG. 2 are both wider than
cach interval s1 of the second tlow channels 135. The width
w1 of the terminal-penetrating region 15q and the width w2
of the terminal-penetrating region 156 may be the same or
different from each other.

FIG. 2 illustrates a case 1n which first conductive pattern
layers 41 and 42 composing wiring circuits are bonded to the
first main surface 11a of the first cooling device 10a. The
first conductive pattern layers 41 and 42 include copper
(Cu), and are bonded to the first main surface 11a of the first
cooling device 10a by a direct copper bonding (DCB)
method due to eutectic bonding or an activated metal
brazing (AMB) method, for example. The first conductive
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pattern layers 41 and 42 are only required to include
conductive metal, and may be Cu, a Cu alloy, aluminum
(Al), or an Al alloy. The first conductive pattern layers 41
and 42 may be plated with nickel (N1) or gold (Au).

One end of a first main terminal 51 1s bonded to the top
surface of the first conductive pattern layer 41 via a bonding
material 21. The other end of the first main terminal 51 1s
exposed to the outside of the sealing member 30, and can be
connected to a power source. The second main electrode
20C of the first semiconductor element 20 1s also bonded and
clectrically connected to the top surface of the first conduc-
tive pattern layer 41 via a bonding material 22. One end of
a second main terminal 52 1s bonded to the top surface of the
first conductive pattern layer 42 via a bonding material 23.
The second main terminal 52 extends i1n the horizontal
direction (in the Y-axis direction). The other end of the
second main terminal 52 1s exposed to the outside of the
sealing member 30, and can be connected to a load such as
a motor.

The first main terminal 51 and the second main terminal
52 may each be a conductive plate or a conductive stick
made of metal such as Cu or a Cu alloy. The {first main
terminal 31 and the second main terminal 52 may be plated
with N1 or Au, for example. The bonding materials 21, 22,
and 23 may each be a solder, an electrically-conductive
adhesive, or a metal sintered body such as nanoparticles of
silver (Ag), for example.

FIG. 2 illustrates a plurality of second conductive pattern
layers 45¢ and 46 bonded to the third main surface 115 of the
second cooling device 10b. The second conductive pattern
layers 45¢ and 46 are bonded to the second cooling device
106 by a DCB method due to eutectic bonding or an AMB
method, for example, as in the case of the first conductive
pattern layers 41 and 42. The second conductive pattern
layers 45¢ and 46 are only required to include conductive
metal, and may be Cu, a Cu alloy, Al, or an Al alloy. The
second conductive pattern layers 45¢ and 46 may be plated
with N1 or Au.

For example, one end of the second conductive pattern
layer 46 1s bonded and electrically connected to the first
main electrode 20E of the first semiconductor element 20 via
a bonding material 25. The other end of the second conduc-
tive pattern layer 46 1s bonded to one end of the second main
terminal 52 via a bonding material 26. One end of the second
conductive pattern layer 45¢ 1s bonded and electrically
connected to the control electrode 20G of the first semicon-
ductor element 20 via a bonding material 24. The other end

of the second conductive pattern layer 45¢, which 1s sepa-
rated from the part bonded to the control electrode 20G, 1s
connected to the control terminal 57¢. The other end of the
second conductive pattern layer 45¢ connected to the control
terminal 37¢ 1s located 1n the terminal-penetrating region
15a of the second cooling device 105. The bonding materials
24, 25, and 26 may be a solder, an electrically-conductive
adhesive, or a metal sintered body such as Ag nanoparticles,
for example. The bonding material 24 may be an electri-
cally-conductive bump or a solder ball.

The control terminal 57¢ extends in the normal direction
of the first main surface 11a (in the Z-axis direction), and
penetrates from the third main surface 115 to the fourth main
surface 126 1n the second cooling device 106 within the
terminal-penetrating region 15a 1n which the second flow
channels 136 of the second cooling device 106 are not
provided. The control terminal 57¢ may extend above the
fourth main surface 125 of the second cooling device 105 to
project to the outside of the sealing member 30 so as to be
connected to a control substrate 2. The control substrate 2
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may be arranged above the semiconductor device 1 using
screws (not 1llustrated). A circuit electrically connected to
the control terminal 57¢ 1s mounted on the control substrate
2. The control substrate 2 supplies a control signal to the
control electrode 20G of the first semiconductor element 20
via the control terminal 57¢. The other control terminals 57a,
57b, 57d, and 57e illustrated 1n FI1G. 1 may also penetrate the
terminal-penetrating region 15aq 1llustrated 1n FIG. 2 so as to
be connected to the control substrate 2, in the same manner
as the control terminal 57c.

FIG. 3A 1s a partly-enlarged view around the lower end
portion of the control terminal 57¢ 1llustrated 1n FIG. 2. As
illustrated 1n FIG. 3A, the second conductive pattern layer
45¢ 1s continuously provided along the inside of the pen-
etration hole 16¢ of the second cooling device 105 from the
third main surface 115 of the second cooling device 106 so
as to define the side wall surface of the penetration hole 16¢
through which the control terminal 357¢ penetrates. The
second conductive pattern layer 45¢ further projects onto the
top surface of a second bufler film 62 on the fourth main
surface 126 side of the second cooling device 1056 through
the side wall of the penetration hole 16¢ of the second
cooling device 10b. The second conductive pattern layer 45¢
provided along the side wall of the penetration hole 16¢ of
the second cooling device 105 defines the penetration hole
into which the control terminal 57¢ can be nserted.

The control terminal 57c¢ 1s a stepped pin including a first
part 371 on the second substrate 2 side and a second part 572
connected to the first part 571 and narrower than the first part
571, for example. The control terminal 57¢ 1s not limited to
this shape, and 1s only required to be fixed while being in
contact with the second conductive pattern layer 45¢. For
example, as illustrated 1n FIG. 3B, the control terminal 37¢
may be a cylindrical pin or a polygonal prism-like pin
having a constant thickness with no step. The control
terminal 57¢ having such a shape 1s also inserted in the
second cooling device 105 1n the early stage of the manu-
facturing process, for example, so as to be positioned
appropriately 1n the thickness direction.

A semiconductor chip composing the first semiconductor
clement 20 1illustrated in FIG. 2 may have a rectangular
plate-like shape, for example. The first semiconductor ele-
ment 20 1s made of a matenal such as silicon (S1), S1C, or
gallium nitride (GaN). The first semiconductor element 20
may be a transistor such as a bipolar junction transistor
(BJT), a field-eflect transistor (FET), or a static induction
transistor (SIT). Alternatively, the first semiconductor ele-
ment 20 may be a semiconductor switching element such as
an insulated-gate bipolar transistor (IGBT), a static induc-
tion thyristor (SI thyristor), or a gate turn-oil thyristor
(GTO). The first semiconductor element 20 may include a
plurality of semiconductor elements, or may be a monolithic
power integrated circuit (IC) including a diode such as
Schottky barrier diode, or an IC or a module having a hybnid
structure. The first semiconductor element 20 may be a
reverse conducting IGBT (RC-IGBT) in which an IGBT as
a switching element and a freewheeling diode (FWD) as a
protection diode for the IGBT are formed on the same
semiconductor chip.

When the first semiconductor element 20 1s a BJT, the first
main electrode refers to either an emitter electrode or a
collector electrode, the second main electrode refers to the
other electrode, and the control electrode refers to a base
electrode. When the first semiconductor element 20 1s a FET,
for example, the first main electrode refers to either a source
electrode or a drain electrode, the second main electrode
refers to the other electrode, and the control electrode refers
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to a gate electrode. When the first semiconductor element 20
1s a SI thyristor, for example, the first main electrode refers
to either an anode or a cathode, the second main electrode
refers to the other electrode, and the control electrode refers
to a gate electrode.

The first semiconductor element 20 has two main surfaces
(chip surfaces) opposed to each other. The respective main
surfaces (the respective chip surfaces) of the first semicon-
ductor element 20 are opposed to the first main surface 11a
and the third main surface 115 via at least a part of the
respective first conductive pattern layers 41 and 42 and at
least a part of the respective second conductive pattern
layers 45¢ and 46. The first semiconductor element 20 has a
vertical structure in which the first main electrode (the
emitter electrode) 20E and the second main electrode (the
collector electrode) 20C are placed on the respective main
surfaces (the respective chip surfaces) opposed to each
other, for example. The first semiconductor element 20 may
have a structure including the control electrode (the gate
clectrode) 20G arranged on the same main surface (the chip
surface) on which the first main electrode 20E 1s placed.

The second main electrode 20C located on the bottom
surface of the first semiconductor element 20 1s bonded to
the first conductive pattern layer 41 via the bonding material
22. The first main electrode 20E located on the top surface
of the first semiconductor element 20 1s bonded to the
second conductive pattern layer 46 via the bonding material
25. When the first semiconductor element 20 has the struc-
ture including the control electrode 20G arranged on the
same main surface (the same chip surface) as the first main
clectrode 20E, the control electrode 20G located on the top
surtace of the first semiconductor element 20 1s bonded to
the second conductive pattern layer 45¢ via the bonding
material 24.

The second flow channels 1356 of the second cooling
device 1056 are located at least at a position overlapping with
the first main electrode 20E of the first semiconductor
clement 20 arranged on the same main surface as the control
clectrode 20G, 1n the aligned direction of the second tlow
channels 135 (in the Y-axis direction) 1n the planar view. The
respective terminal-penetrating regions 15a and 156 are
located on the outer side of the position overlapping with the
first main electrode 20E 1n the aligned direction of the
second flow channels 135 (in the Y-axis direction) in the
planar view.

Since heat generated from the first semiconductor element
20 15 released by the coolant flowing through the first
cooling device 10a and the second cooling device 1056
arranged toward the respective main surfaces of the first
semiconductor element 20, the cooling performance 1s
improved as compared with a case in which the cooling
device 1s arranged only on one surface of the first semicon-
ductor element 20.

A first bufler film 61 may be bonded to the second main
surface 12a, which 1s the bottom surface of the first cooling
device 10qa, located on the lower side 1n FIG. 2. The first
bufler film 61 bonded to the second main surface 12a
connects the second main surface 12a and the sealing
member 30 between one end and the other end 1n the aligned
direction of the first flow channels 13a. A second builer film
62 may be bonded to the fourth main surface 126, which 1s
the top surface of the second cooling device 105, located on
the upper side 1n FIG. 2. The second bufler film 62 bonded
to the fourth main surface 126 connects the fourth main
surface 125 and the sealing member 30 between one end and
the other end in the aligned direction of the second flow

channels 135.
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The first bufler film 61 and the second bufler film 62
illustrated 1n FIG. 2 each may be a single film or may be
divided into parts. The thickness of the first builer film 61
and the second bufler film 62 can be preferably 0.1 milli-
meters or greater and 5.0 millimeters or less, more prefer-
ably 0.2 millimeters or greater and 2.5 millimeters or less.

When the material used for the first cooling device 10a
and the second cooling device 105 1s ceramics, for example,
the material used for the first bufler film 61 and the second
bufler film 62 is preferably metal having a higher thermal
expansion coellicient than ceramics. The first bufler film 61
and the second buller film 62 include Cu or a Cu alloy, for

example, and are bonded to the second main surface 12a and
the fourth main surface 126 by a DCB method due to
cutectic bonding or an AMB method, for example. The first
bufler film 61 and the second bufler film 62 may be made of
the same material as the first conductive pattern layers 41
and 42 and the second conductive pattern layers 45¢ and 46.
Alternatively, the first butler film 61 and the second bufler
film 62 may include Al or an Al alloy, N1 or a N1 alloy, or
stainless steel, for example, mstead of Cu or the Cu alloy.
The first bufler film 61 and the second bufler film 62 may
also be plated with Ni or Au, for example.

The first bufler film 61 and the second bufler film 62 may
have slits on the respective surfaces adhering to the sealing
member 30. The slits may be provided in parallel to the
longitudinal direction of the first flow channels 13a and the
second flow channels 135, for example. The slits may be
grooves carved on the surfaces of the first bufler film 61 and
the second bufler film 62, or may penetrate from the front
side to the rear side of the first builer film 61 and the second
bufler film 62. The slits having an anchoring effect improve
the adhesion of the first bufler film 61 and the second butler
film 62 to the sealing member 30.

The sealing member 30 seals the first semiconductor
clement 20, the first conductive pattern layers 41 and 42, and
the second conductive pattern layers 45¢ and 46. The sealing
member 30 includes thermosetting resin and filler. The
thermosetting resin 1s €poxy resin or resin mainly containing
epoxy resin, for example. The filler 1s powder of insulating
inorganic material such as silica, for example.

The sealing member 30 i1s arranged to surround the
circumierential surfaces of the first cooling device 10a and
the second cooling device 106 1n the cross-sectional view
perpendicular to the longitudinal direction of the first flow
channels 13q and the second tlow channels 135. The sealing
member 30 has a cuboidal shape with two surfaces opposed
to the second main surface 12a of the first cooling device
10a and the fourth main surtface 126 of the second cooling
device 105.

FIG. 4 15 a cross-sectional view as viewed from direction
B-B in FIG. 1. As illustrated 1n FIG. 4, first conductive
pattern layers 81 and 82¢ are bonded to the first main surface
11a of the first cooling device 10a. One end of a third main
terminal 53 1s bonded to the first conductive pattern layer 81
via a bonding material 71. The third main terminal 53
extends in the horizontal direction (1n the Y-axis direction).
The other end of the third main terminal 33 1s exposed to the
outside of the sealing member 30, and can be connected to
the power source, for example. A second conductive pattern
layer 85 1s connected to the third main surface 1156 of the
second cooling device 10b. The second conductive pattern
layer 83 1s connected to the second conductive pattern layer
46 1illustrated 1n FI1G. 2 at a position on the front side 1n the
direction perpendicular to the sheet of FIG. 4 (1n the X-axis
direction).
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The semiconductor device 1 according to the embodiment
of the present invention includes the second semiconductor
clement (the second semiconductor chip) 70 as illustrated 1n
FI1G. 4, 1n addition to the first semiconductor element 20
illustrated 1n FIG. 2. The semiconductor device 1 according
to the embodiment of the present mnvention 1s thus a 2-1n-1
power semiconductor module. The second semiconductor
clement 70 may have the same structure as the first semi-
conductor element 20. The second semiconductor element
70 has a vertically-inverted topology of the first semicon-
ductor element 20. The second semiconductor element 70
includes the first main electrode 70E and the control elec-
trode 70G on the bottom surface side, and the second main
clectrode 70C on the top surface side.

The second main electrode 70C located on the top surtace
of the second semiconductor element 70 1s bonded to the
second conductive pattern layer 85 via a bonding material
74. The second main electrode 70C of the semiconductor

clement composing the second semiconductor element 70 1s
thus connected to the first main electrode 20E of the semi-
conductor element composing the first semiconductor ele-
ment 20. The first main electrode 70E located on the bottom
surface of the second semiconductor element 70 1s bonded
to the first conductive pattern layer 81 via a bonding material
72. The control electrode 70G located on the bottom surface
of the second semiconductor element 70 1s bonded to one
end of the first conductive pattern layer 82¢ via a bonding
material 73.

The other end of the first conductive pattern layer 82¢ 1s
provided with a recess 82x. A penetration hole penetrating
the first conductive pattern layer 82¢ may be provided
instead of the recess 82x. The control terminal 58¢ 1s mserted
and bonded to the recess 82x of the first conductive pattern
layer 82¢. The control terminal 58¢ 1s bonded to the first
conductive pattern layer 82¢ by pressure welding or with a
bonding material such as a solder, for example.

The control terminal 38¢ extends in the normal direction
of the first main surface 11a (in the Z-axis direction), and
penetrates from the third main surface 115 to the fourth main
surface 126 1n the second cooling device 1056 within the
terminal-penetrating region 156 1n which the second flow
channels 135 of the second cooling device 105 are not
provided. The control terminal 58¢ projects to the outside of
the sealing member 30 above the fourth main surface 1256 of
the second cooling device 105 so as to be connected to the
control substrate 2. The other control terminals 58a, 585,
584, and 38e illustrated 1n FIG. 1 also penetrate from the
third main surface 115 to the fourth main surface 125 in the
second cooling device 105 so as to be connected to the
control substrate 2, in the same manner as the control
terminal 58c.

FIG. 5 15 a perspective view of the semiconductor device
1, omitting the first cooling device 10a, the second cooling
device 105, and the sealing member 30 illustrated 1n FIG. 1.
FIG. 6 1s an mnverted perspective view of FIG. 5 vertically
inverted about a rotation axis 1n the X-axis direction. As
illustrated 1n FIG. 5§ and FIG. 6, the control terminals 57a,
57b, 57c, 57d, and 57e¢ are respectively connected to the
second conductive pattern layers 45a, 45b, 45¢, 45d, and
45¢. The second conductive pattern layers 43a to 45¢ each
include a circular land bonded to the respective control
terminals 57a to 57¢, and a wiring part extending from the
land and connected to the first semiconductor element 20.
The lands and the wiring parts of the control terminals 57a
to 57¢ may be provided in the terminal-penetrating region
15a of the second cooling device 105.
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The control terminals 58a, 5856, 58¢, 58d, and 58¢ are
respectively connected to the first conductive pattern layers
82a, 82b, 82c, 82d, and 82¢. The first conductive pattern
layers 82a to 82¢ each include a circular land bonded to the
respective control terminals 58a to 38e¢, and a wiring part
extending from the land and connected to the second semi-
conductor element 70. The lands and the wiring parts of the
control terminals 38a to 38¢ may be provided 1n a region of
the first cooling device 10a opposed to the terminal-pen-
etrating region 1355 of the second cooling device 10b.

The semiconductor device 1 according to the embodiment
ol the present invention may be used for a power converting
device for driving a motor 3 of an electric vehicle 100, as
illustrated 1n FIG. 7. The power converting device for
driving the motor 3 of the electric vehicle 100 includes the
semiconductor device 1 and the control substrate 2 arranged
above the semiconductor device 1. A capacitor 4 1s placed on
the bottom surface of the semiconductor device 1. The
capacitor 4 may be a smoothing capacitor for stabilizing a
DC voltage output from the converter, for example. The
semiconductor device 1 and the capacitor 4 are connected to
a power source 5. The semiconductor device 1 and the
capacitor 4 are connected to a load such as the motor 3 to
tabricate the electric vehicle 100. In a case of a three-phase
inverter, the power converting device may be implemented
by three 2-in-1 power semiconductor modules. The power
converting device according to the embodiment of the
present invention can cool the capacitor 4 arranged adjacent
to the semiconductor device 1 by the first cooling device 10a
of the semiconductor device 1.

As 1llustrated 1in FIG. 26, the first semiconductor element
20, the second semiconductor element 70, the first conduc-
tive pattern layers 41, 42, and 81, the second conductive
pattern layers 46 and 85, the first main terminal 31, the
second main terminal 52, and the third main terminal 53
included in the semiconductor device 1, may be arranged
and electrically connected to each other such that the first
semiconductor element 20 and the second semiconductor
clement 70 are connected 1n series to implement a circuit (a
leg). The first semiconductor element 20 and the second
semiconductor element 70 of this example may each be a
RC-IGBT.

The first semiconductor element 20 may mclude an IGBT
93 and a FWD 94. A gate of the IGBT 93 may be connected
to the conftrol terminal 57¢. The second semiconductor
clement 70 may include an IGBT 95 and a FWD 96. A gate
of the IGBT 95 may be connected to the control terminal
d8c.

A semiconductor device according to a comparative
example 1s illustrated below with reference to FIG. 8. The
semiconductor device according to the comparative example
includes a first cooling device 101a provided with a plurality
of first flow channels 110q, and a second cooling device
1015 provided with a plurality of second flow channels
1105. The bottom surface of the second cooling device 1015
1s opposed to the top surface of the first cooling device 101a.
A conductive pattern layer 107 1s placed on the top surface
of the first cooling device 101a via an insulating substrate
109a. The conductive pattern layer 107 1s bonded to the
bottom surface of a semiconductor element 120 via a
bonding material 121. A conductive pattern layer 108 1s
placed on the bottom surface of the second cooling device
1015 via an 1nsulating substrate 1095. A main terminal 104
1s bonded to one end of the conductive pattern layer 108 via
a bonding material 123. The other end of the conductive
pattern layer 108 1s bonded to the top surface of the
semiconductor element 120 via a bonding material 122. The
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semiconductor element 120 and the respective conductive
pattern layers 107 and 108 are covered with a sealing resin
130.

The semiconductor element 120 1s connected to a control
terminal 103 via a bonding wire 106. The control terminal
103 extends parallel to the top surface of the first cooling
device 101a, and projects to the outside of the sealing resin
130 between the first cooling device 101aq and the second
cooling device 1015. The control terminal 103 1s bent 1nto an
L-shape outside the sealing resin 130, and extends in the
normal direction of the top surface of the first cooling device
101a so as to be connected to a control substrate 102
arranged above the second cooling device 1015. Since the
semiconductor device according to the comparative example
includes the control terminal 103 extending in parallel to the
top surface of the first cooling device 101a and projecting to
the outside between the first cooling device 101a and the
second cooling device 1015, the possibility of design of the
wire-leading position 1s reduced. This prevents a reduction
in size and complicates the wiring design.

In contrast, the semiconductor device 1 according to the
embodiment of the present invention includes the control
terminals 57a to 57¢ and 38a to 58¢ which extend in the
normal direction of the first main surface 11a of the first
cooling device 10aq (1n the Z-axis direction), and penetrate
from the third main surface 115 to the fourth main surface
125 1n the terminal-penetrating regions 15a and 155 defined
at the predetermined positions between the plurality of
second flow channels 135. The control terminals 57a to 57e¢
and 58a to 58¢ are led out from the fourth main surface 1256
of the second cooling device 1056. The possibility of design
of the wire-leading position of the respective control termi-
nals 57a to 57¢ and 58a to 58e¢ thus can be expanded.
Accordingly, a reduction 1n size of the semiconductor device
1 according to the embodiment of the present mnvention can
be achieved to facilitate the wiring design of the semicon-
ductor device 1 and the power converting device including
the semiconductor device 1.

(Method of Fabricating Semiconductor Device)

A method of fabricating the semiconductor device (the
semiconductor module) 1 according to the embodiment of
the present invention 1s 1llustrated below with reference to
FIG. 1 and FIG. 9 to FIG. 11.

First, first conductive pattern layers composing circuit
patterns such as the first conductive pattern layers 41 and 42,
are formed on the first main surface 11a of the first cooling
device 10a (refer to FIG. 2, for example). Also, second
conductive pattern layers composing circuit patterns such as
the second conductive pattern layers 45¢ and 46, are formed
on the third main surface 1156 of the second cooling device
1056 (refer to FIG. 4, for example).

Next, the first semiconductor element 20 and the second
semiconductor element 70 are mounted on the first conduc-
tive pattern layers of the first cooling device 10qa so that the
bottom surfaces of the first semiconductor element 20 and
the second semiconductor element 70 are bonded via bond-
ing matenals (refer to FIG. 2 and FIG. 4, for example).
Further, the first main terminal 51, the second main terminal
52, and the third main terminal 53 are bonded to the top
surfaces of the first conductive pattern layers (refer to FIG.
2 and FIG. 4, for example). The conductive pattern layers
composing the respective circuit patterns may be designed
as appropriate depending on the type of the elements or
circuits.

Next, as 1llustrated i FIG. 9, the first cooling device 10qa
and the second cooling device 1056 are opposed and stacked
to each other so that the first conductive pattern layers on the
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first main surface 11a of the first cooling device 10a and the
second conductive pattern layers on the third main surface
116 of the second cooling device 105 correspond to each
other. The second cooling device 106 1s provided with
penetration holes 16a, 165, 16¢, 16d, and 16¢ to which the
control terminals 57a to 57¢ are inserted, and penetration
holes 17a, 176 17¢, 17d, and 17e¢ to which the control
terminals 38a to 58¢ are inserted. The both main surfaces
(the chip surfaces) of the respective first semiconductor
clement 20 and second semiconductor element 70 are inter-
posed between the first main surface 11q of the first cooling
device 10aq and the third main surface 115 of the second
cooling device 10b.

Next, as illustrated 1n FIG. 10, the first semiconductor
clement 20 and the second semiconductor element 70 are
bonded to the first conductive pattern layers on the first main
surface 11a of the first cooling device 10a and the second
conductive pattern layers on the third main surface 116 of
the second cooling device 105. The first main terminal 51,
the second main terminal 52, and the third main terminal 53
are arranged to project to the outside from both ends of the
first cooling device 10a and the second cooling device 105
in the aligned direction of the first flow channels 13a and the
second flow channels 135 (1n the Y-axis direction). The
control terminals 57a to 57¢ are inserted to the penetration
holes 16a to 16e to be bonded to the second conductive
pattern layers on the third main surface 115 of the second
cooling device 105, and the control terminals 38a to 58e¢ are
inserted to the penetration holes 17a to 17e to be bonded to
the first conductive pattern layers on the first main surface
11a of the first cooling device 10a.

Thereatter, the first cooling device 10a, the second cool-
ing device 105, the first semiconductor element 20, and the
second semiconductor element 70 are bonded together and
placed 1nside a metal mold. The sealing member 30 before
being solidified 1s injected to the metal mold and then
solidified. Accordingly, the sealing member 30 covering the
first cooling device 10a and the second cooling device 105,
excluding both ends of the respective first flow channels 13a
and second flow channels 135, 1s provided, as illustrated 1n
FIG. 1. The respective end portions of the first flow channels
134, the second flow channels 1354, the first main terminal
51, the second main terminal 52, and the third main terminal
53 project to be exposed to the outside from the surface of
the sealing member 30.

The semiconductor device 1 thus fabricated 1s connected
with manifolds 91 and 92 at both ends of the first flow

channels 13q and the second flow channels 135 of the first
cooling device 10q and the second cooling device 105 (refer
to FIG. 1) during the use, as illustrated in FIG. 11. The
openings at both ends of the respective first flow channels
13a and second flow channels 135 (refer to FIG. 1) are
connected to an external circulation system via the respec-
tive manifolds 91 and 92, so that a fluid serving as a coolant
flows 1n the respective first flow channels 134 and second
flow channels 135 1n the same direction.

First Modified Example

As 1llustrated 1n FIG. 12, a semiconductor device 1
according to a first modified example of the embodiment of
the present invention differs from the semiconductor device
1 according to the embodiment of the present mnvention, 1n
that the control terminals 57a to 57e are arranged 1n two
lines 1n the first semiconductor element 20 illustrated in FIG.
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2, and the control terminals 58a to 58¢ are arranged 1n two
lines 1n the second semiconductor element 70 illustrated 1n
FIG. 4.

The control terminals 57a to 57e are arranged to penetrate
the terminal-penetrating region 15a of the second cooling
device 10b. The respective sets of the control terminals 574,
57c, and §7¢ and the control terminals 575 and 574 aligned
in the X-axis direction, are shifted from each other in the
Y-axis direction. The control terminals 58a to 58e are
arranged to penetrate the terminal-penetrating region 156 of
the second cooling device 105. The respective sets of the
control terminals 58a, 58¢, and 58¢ and the control terminals
58b and 58d aligned in the X-axis direction, are shifted from
cach other 1n the Y-axis direction. The semiconductor device
1 according to this example thus includes the four sets of the
control terminals 57a, 587¢, and 57e, the control terminals
5756 and 57d, the control terminals 58a, 58¢, and 58¢, and the
control terminals 585 and 584, which are arranged 1n four
lines 1n the X-axis direction.

The semiconductor device 1 according to the first modi-
fied example of the embodiment of the present mmvention
includes the control terminals 57a to 57¢ and 58a to 38e¢ of
which the positions can be adjusted, so that the size and the
positions of the terminal-penetrating regions 15q and 1355
can also be adjusted depending on the positions of the
control terminals 57a to 57¢ and 58a to 58e.

Second Modified Example

As 1llustrated in FIG. 13, a semiconductor device 1
according to a second modified example of the embodiment
of the present invention differs from the semiconductor
device 1 according to the embodiment of the present inven-
tion 1llustrated 1n FIG. 2, 1n that the first buller film 61 and
the second builer film 62 illustrated 1n FIG. 2 are excluded.
The semiconductor device 1 may include only one of the

first buffer film 61 and the second buffer film 62 1illustrated
in FIG. 2. The semiconductor device 1 according to the
second modified example of the embodiment of the present
invention thus has a reduced thickness due to the exclusion

of the first bufter film 61 and the second buffer film 62.

Third Modified Example

As 1llustrated 1n FIG. 14, a semiconductor device 1
according to a third modified example of the embodiment of
the embodiment of the present mvention differs from the
semiconductor device 1 according to the second modified
example of the embodiment of the present mvention 1llus-
trated in FIG. 13, in that the second main surface 12a of the
first cooling device 10aq and the fourth main surface 1256 of
the second cooling device 105 are not covered with the
sealing member 30. The sealing member 30 covers the
continuous region on the surface of the first cooling device
10a including the first main surface 11aq and at least a part
of the respective side surfaces 14a, in the cross-sectional
view perpendicular to the longitudinal direction of the first
flow channels 13a and the second flow channels 135. The
sealing member 30 also covers the continuous region on the
surface of the second cooling device 106 including the third
main surface 115 and at least a part of the respective side
surtaces 145, 1n the cross-sectional view perpendicular to the
longitudinal direction of the first flow channels 13a and the
second tlow channels 135.

Fourth Modified Example

As 1llustrated in FIG. 15, a semiconductor device 1
according to a fourth modified example of the embodiment
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of the present invention differs from the semiconductor
device 1 according to the embodiment of the present inven-
tion illustrated 1n FIG. 2, 1n that the sealing member 30 has
a first opening 31 at which the first bufler film 61 1s exposed
and a second opening 32 at which the second bufler film 62
1s exposed. The exposed surfaces of the first buller film 61
and the second bufler film 62 can be bonded to other circuit
components or elements required to be cooled. Since the
other components radiating heat are bonded to the first butler
film 61 and the second bufler film 62, which are bonded
directly to the first cooling device 10a and the second
cooling device 1056 through which the fluid serving as a
coolant tlows, the cooling performance of the entire system
can be enhanced.

Fifth Modified Example

As 1llustrated 1n FIG. 16, a semiconductor device 1
according to a fifth modified example of the embodiment of
the present invention differs from the semiconductor device
1 according to the fourth modified example of the embodi-
ment of the present invention 1llustrated 1n FIG. 15, 1n that
the first bufler film 61 has a first opening 63 at which a part
of the second main surface 12q of the first cooling device
10a 1s exposed, and 1n that the second bufler film 62 has a
second opening 64 at which a part of the fourth main surface
126 of the second cooling device 106 1s exposed. The
exposed second main surface 12q at the first opening 63 and
the exposed fourth main surface 1256 at the second opening
64 can be bonded directly to other circuit components or
clements required to be cooled. Accordingly, the cooling
performance of the entire system can be enhanced.

Sixth Modified Example

As 1llustrated in FIG. 17, a semiconductor device 1
according to a sixth modified example of the embodiment of
the present invention differs from the semiconductor device
1 according to the embodiment of the present invention
illustrated 1n FIG. 1, in that the respective sets of the control
terminal 57a to 57¢ and the control terminals 58a to 38e are
located at the same position 1n the Y-axis direction and
aligned 1n line in the X-axis direction. Further, the semi-
conductor device 1 of this example differs from the semi-
conductor device 1 illustrated 1n FIG. 1 in that the third main
terminal 33 projects from the sealing member 30 on the
same side as the second main terminal 52.

FIG. 18 15 a perspective view of the semiconductor device
1, omitting the first cooling device 10qa, the second cooling
device 1056, and the sealing member 30 illustrated in FIG.
17. As illustrated 1n FIG. 18, the control terminals 57a to 57e
are bonded to the second conductive pattern layers 45a to
45¢, and the control terminals 58a to 58¢ are bonded to the
first conductive pattern layers 82a to 82e.

FIG. 19 1s a cross-sectional view as viewed from direction
A-A m FIG. 17. The second cooling device 105 1llustrated
in FIG. 19 differs from the second cooling device 105
illustrated 1n FIG. 2 1n including a single terminal-penetrat-
ing region 15a. The other structure of the second cooling
device 105 of this example 1s the same as the second cooling
device 105 1illustrated 1n FIG. 2. The control terminals 57a
to 57¢ and 58a to 58e¢ illustrated m FIG. 17 and FIG. 18
penetrate the terminal-penetrating region 15q 1llustrated in
FIG. 19.

FIG. 20 1s a cross-sectional view as viewed from direction
B-B in FIG. 17. The second semiconductor element 70
illustrated in FIG. 20 differs from the second semiconductor
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clement 70 1illustrated in FIG. 4 1n having a topology
inverted in the right-left direction. The other structure of the
second semiconductor element 70 of this example 1s the
same as the second semiconductor element 70 illustrated 1n
FIG. 4.

The semiconductor device 1 according to the sixth modi-
fied example of the embodiment of the present mmvention
includes the control terminals 57a to 57¢ and 58a to 38e¢
arranged to be aligned 1n line in the X-axis direction. The
arrangement of the control terminals 57a to 57¢ and 38a to
58¢ aligned 1n line 1n the X-axis direction can decrease the
region occupied by the terminal-penetrating region 154, as
compared with the case in which the control terminals 57a
to 57¢ and 58a to 58¢ are arranged 1n two lines, so as to
increase the number of the second tlow channels 135 of the
second cooling device 105.

Seventh Modified Example

A semiconductor device 1 according to a seventh modi-
fied example of the embodiment of the present invention, as
illustrated 1n the cross-sectional view of FI1G. 21 omitting the
first cooling device 10a, the second cooling device 105, and
the sealing member 30, includes the first semiconductor
clement 20 which has substantially the same structure as that
in the semiconductor device 1 according to the embodiment
of the present mvention 1illustrated in FIG. §, for example.
The second semiconductor element 70 of this example
differs from that 1n the semiconductor device 1 according to
the embodiment of the present invention illustrated in FIG.
5 1n having a topology mnverted 1n the vertical direction. The
control terminals 58a to 58e¢ are bonded to second conduc-
tive pattern layers 88a, 8856, 88c, 884, and 88e.

FIG. 22 1s a cross-sectional view of the semiconductor
device 1 according to the seventh modified example of the
embodiment of the present invention, corresponding to the
cross-sectional view as viewed from direction B-B 1n FIG.
1. A semiconductor element composing the second semi-
conductor element 70 includes the second main electrode
70C on the bottom surface side, and the first main electrode
70E and the control electrode 70G on the top surface side.
The second main electrode 70C located on the bottom
surface of the second semiconductor element 70 1s bonded
to a first conductive pattern layer 84 via the bonding material
71. The first conductive pattern layer 84 1s connected to the
second conductive pattern layer 46 illustrated in FIG. 21.
The first main electrode 70E located on the top surface of the
second semiconductor element 70 1illustrated 1n FIG. 22 1s
bonded to one end of a second conductive pattern layer 87
via the bonding material 73. The other end of the second
conductive pattern layer 87 1s bonded to the third main
terminal 53 via the bonding material 72.

The control electrode 20G located on the top surface of
the first semiconductor element 20 1s bonded to one end of
the second conductive pattern layer 88¢ via the bonding
material 74. The other end of the second conductive pattern
layer 88¢ 1s bonded to the control terminal 38¢. The control
terminal 38¢ extends 1n the normal direction of the first main
surface 11a (1n the Z-axis direction), and penetrates from the
third main surface 115 to the fourth main surface 125 1n the
second cooling device 1056 within the terminal-penetrating
region 1556 1n which the second flow channels 135 of the
second cooling device 105 are not provided. The control
terminal 538¢ projects to the outside of the sealing member 30
above the fourth main surface 126 of the second cooling
device 106 so as to be connected to the control substrate 2.
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The semiconductor device 1 according to the seventh
modified example of the embodiment of the present inven-
tion including the second semiconductor element 70 having
the vertically-inverted topology, can also allow the control
terminals 58a to 58e to penetrate the second cooling device
105 so as to be led out from the fourth main surface 12b.

Eighth Modified Example

A semiconductor device 1 according to an eighth modified
example of the embodiment of the present invention, as
illustrated 1n the cross-sectional view of FI1G. 23 and FIG. 24
omitting the first cooling device 10a, the second cooling
device 10, and the sealing member 30, includes the second
semiconductor element 70 which has substantially the same
structure as that in the semiconductor device 1 according to
the embodiment of the present invention 1llustrated in FIG.
5, for example. The first semiconductor element 20 of this
example differs from that in the semiconductor device 1
according to the embodiment of the present invention 1n
having a topology iverted in the vertical direction. FI1G. 24
1s an mverted perspective view of FIG. 23 vertically inverted
about a rotation axis 1 the X-axis direction.

The control terminals 37a to 57¢ and 38a to 58¢ are
located at the same position 1n the Y-axis direction and
aligned 1n line 1n the X-axis direction. The control terminals
57a to 57¢ are bonded to first conductive pattern layers 44a,
445, 44¢, 44d, and 44e, and the control terminals 58a to 58e
are bonded to the first conductive pattern layers 82a to 82e.

FIG. 25 1s a cross-sectional view of the semiconductor
device 1 according to the eighth modified example of the
embodiment of the present invention, corresponding to the
cross-sectional view as viewed from direction A-A 1n FIG.
1. A semiconductor element composing the first semicon-
ductor element 20 includes the first main electrode 20E and
the control electrode 20G on the bottom surface side, and the
second main electrode 20C on the top surface side. The
second main electrode 20C located on the top surface of the
first semiconductor element 20 1s bonded to one end of a
second conductive pattern layer 47 via the bonding material
24. The other end of the second conductive pattern layer 47
1s bonded to the first main terminal 51 via the bonding
material 23. The first main electrode 20E located on the
bottom surface of the first semiconductor element 20 1s
bonded to a first conductive pattern layer 43 via the bonding
material 21. The first conductive pattern layer 43 1s con-
nected to the second conductive pattern layer 85 and the
second main terminal 52 1illustrated 1n FIG. 23 and FIG. 24.
The control electrode 20G located on the bottom surface of
the first semiconductor element 20 1s bonded to one end of
the first conductive pattern layer 44¢ via the bonding mate-
rial 22.

The other end of the first conductive pattern layer 44c 1s
provided with a recess 44x. A penetration hole penetrating
the first conductive pattern layer 44¢ may be provided
instead of the recess 44.x. The control terminal 57¢ 1s inserted
to the recess 44x of the first conductive pattern layer 44c.
The control terminal 57¢ 1s bonded to the first conductive
pattern layer 44¢ by pressure welding or with a bonding
material, for example.

The control terminal 57¢ extends in the normal direction
of the first main surface 11a (in the Z-axis direction), and
penetrates from the third main surface 115 to the fourth main
surface 126 1n the second cooling device 105 within the
terminal-penetrating region 156 1n which the second flow
channels 136 of the second cooling device 106 are not
provided. The control terminal 57¢ projects to the outside of
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the sealing member 30 above the fourth main surface 125 of
the second cooling device 105 so as to be connected to the
control substrate 2.

The semiconductor device 1 according to the eighth
modified example of the embodiment of the present inven-
tion including the first semiconductor element 20 having the
vertically-inverted topology, can also allow the control ter-
minals 57a to 57¢ to penetrate the second cooling device 105
so as to be led out from the fourth main surface 124.

Other Embodiments

As described above, the invention has been described
according to the embodiments, but it should not be under-
stood that the description and drawings implementing a
portion of this disclosure limit the invention. Various alter-
native embodiments of the present invention, examples, and
operational techniques will be apparent to those skilled 1n
the art from this disclosure.

The embodiment of the present invention has been 1llus-
trated above with the 2-in-1 power semiconductor module in
which the two semiconductor chips of the first semiconduc-
tor element 20 and the second semiconductor element 70 are
mounted, but 1s not limited to this illustration. For example,
a single semiconductor chip may be mounted in the semi-
conductor module, or three or more semiconductor chips
may be mounted 1n the semiconductor module. While the
embodiment of the present invention has been 1llustrated
above with the case of including the ten control terminals
57a to 57¢ and 58a to 58e, the number of the control
terminals may be determined as appropriate. The number of
the control terminals used 1n each of the first semiconductor
clement 20 and the second semiconductor element 70 may
differ from each other.

As described above, the 1nvention includes wvarious
embodiments of the present mvention and the like not
described herein. Therelore, the scope of the present inven-
tion 1s defined only by the technical features specitying the
present invention, which are prescribed by claims, the words
and terms 1n the claims shall be reasonably construed from
the subject matters recited in the present Specification.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first cooling device including a plurality of first flow
channels through which a fluid 1s to flow, between a
first main surface and a second main surface opposed to
each other;

a second cooling device including a plurality of second
flow channels through which a fluid 1s to tlow, between
a third main surface and a fourth main surface parallel
to the first main surface;

a semiconductor element interposed between the first
main surface and the third main surface facing each
other; and

a control terminal penetrating from the third main surface
to the fourth main surface in a terminal-penetrating
region provided at a position between adjacent second
flow channels among the plurality of second flow
channels, and electrically connected to a control elec-
trode of the semiconductor element.

2. The semiconductor device of claim 1, further compris-

ng:

a plurality of first conductive patterned layers bonded to
the first main surface; and

a plurality of second conductive patterned layers bonded
to the third main surface,
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wherein

the semiconductor element has a first main surface and a
second main surface,

the first main surface of the semiconductor element 1s
opposed to the first main surface of the first cooling
device via at least a part of the first conductive pattern

layers, and

the second main surface of the semiconductor element 1s
opposed to the third main surface of the second cooling
device via at least a part of the second conductive
pattern layers.

3. The semiconductor device of claim 1, wherein:

the plurality of second flow channels extend 1n a first
direction parallel to the first main surface, and are
aligned 1n a second direction perpendicular to the first
direction; and

the terminal-penetrating region extends in the first direc-
tion.

4. The semiconductor device of claim 3, wherein:

the semiconductor element includes a first main electrode
on the main surface on which the control electrode 1s
located;

the second flow channels are located at least at a position
overlapping with the first main electrode in the second
direction; and

the terminal-penetrating region 1s located on an outer side
of the position overlapping with the first main electrode
in the second direction.

5. The semiconductor device of claim 4, further compris-
ing a first main terminal connected to the first main electrode
and extending in parallel to the first main surface.

6. The semiconductor device of claim 1, wherein the
control terminal comprises a plurality of control terminals,
arranged 1n a line or two lines, 1n a first direction parallel to
the first main surface.

7. The semiconductor device of claim 1, wherein the
control terminal comprises a plurality of control terminals,
connected to the semiconductor element and arranged 1n a
line or two lines, 1n a first direction parallel to the first main
surface.

8. The semiconductor device of claim 2, wherein the
control terminal 1s electrically connected to the control
clectrode via at least a part of the first conductive pattern
layers.

9. The semiconductor device of claim 2, wherein the
control terminal 1s electrically connected to the control
clectrode via at least a part of the second conductive pattern
layers.

10. A cooling module comprising:

a first cooling device including a plurality of first flow
channels through which a fluid 1s to tlow, between a
first main surface and a second main surface opposed to
each other; and

a second cooling device including a plurality of second
flow channels through which a fluid 1s to flow, between
a third main surface and a fourth main surface parallel
to the first main surface,

wherein a terminal-penetrating region 1s defined in the
second cooling device through which a control termi-
nal, which 1s electrically connected to a control elec-
trode of a semiconductor element 1nterposed between
the first main surface and the third main surface facing
cach other, penetrates from the third main surface to the
fourth main surface at a position between adjacent
second flow channels among the plurality of second
flow channels.
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11. A power converting device comprising;:

a first cooling device including a plurality of first flow
channels through which a fluid 1s to flow, between a
first main surface and a second main surface opposed to
each other;

a second cooling device including a plurality of second
flow channels through which a fluid 1s to flow, between
a third main surface and a fourth main surface parallel
to the first main surface;

a semiconductor element interposed between the first
main surface and the third main surface facing each
other;

a control terminal penetrating from the third main surface
to the fourth main surface in a terminal-penetrating
region provided at a position between adjacent second
flow channels among the plurality of second flow
channels, and electrically connected to a control elec-
trode of the semiconductor element;

a control substrate on which a circuit electrically con-
nected to the control terminal 1s mounted; and

a capacitor arranged toward the second main surface of
the first cooling device.
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12. An electric vehicle comprising:

a first cooling device including a plurality of first flow
channels through which a fluid 1s to tlow, between a
first main surface and a second main surface opposed to
each other;

a second cooling device including a plurality of second
flow channels through which a fluid 1s to tlow, between
a third main surface and a fourth main surface parallel
to the first main surface;

a semiconductor element interposed between the first
main surface and the third main surface facing each
other;

a control terminal penetrating from the third main surface
to the fourth main surface in a terminal-penetrating
region provided at a position between adjacent second
flow channels among the plurality of second flow
channels, and electrically connected to a control elec-
trode of the semiconductor element;

a control substrate on which a circuit electrically con-
nected to the control terminal 1s mounted;

a capacitor arranged toward the second main surface of
the first cooling device;

a power source for supplying electricity to the semicon-
ductor element; and

a load driven by the semiconductor element.

G o e = x
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